Purpose The anti-apoptotic function of the 70 kDa family of heat shock proteins and their role in cancer is well documented. Dual targeting of Hsc70 and Hsp70 with siRNA induces proteasome-dependent degradation of Hsp90 client proteins and extensive tumor specific apoptosis as well as the potentiation of tumor cell apoptosis following pharmacological Hsp90 inhibition. Methods We have previously described the discovery and synthesis of novel adenosine-derived inhibitors of the 70 kDa family of heat shock proteins; the first inhibitors described to target the ATPase binding domain. The in vitro activity of VER-155008 was evaluated in HCT116, HT29, BT474 and MDA-MB-468 carcinoma cell lines. Cell proliferation, cell apoptosis and caspase 3/7 activity was determined for VER-155008 in the absence or presence of small molecule Hsp90 inhibitors. Results VER-155008 inhibited the proliferation of human breast and colon cancer cell lines with GI 50 s in the range 5.3-14.4 lM, and induced Hsp90 client protein degradation in both HCT116 and BT474 cells. As a single agent, VER-155008 induced caspase-3/7 dependent apoptosis in BT474 cells and non-caspase dependent cell death in HCT116 cells. VER-155008 potentiated the apoptotic potential of a small molecule Hsp90 inhibitor in HCT116 but not HT29 or MDA-MB-468 cells. In vivo, VER-155008 demonstrated rapid metabolism and clearance, along with tumor levels below the predicted pharmacologically active level. Conclusion These data suggest that small molecule inhibitors of Hsc70/Hsp70 phenotypically mimic the cellular mode of action of a small molecule Hsp90 inhibitor and can potentiate the apoptotic potential of a small molecule Hsp90 inhibitor in certain cell lines. The factors determining whether or not cells apoptose in response to Hsp90 inhibition or the combination of Hsp90 plus Hsc70/ Hsp70 inhibition remain to be determined.
Introduction
Heat shock proteins (Hsps) are a highly evolutionarily conserved group of chaperone proteins and include a variety of families defined by their different molecular weights. Of these families, the Hsp70 family represents one of the most conserved groups, with functional counterparts identified from the most primitive bacteria through to humans. At least eight genes have so far been identified and shown to code for Hsp70 family members. The two major cytoplasmic isoforms are Hsc70 and Hsp70 while mortalin has been found located predominantly in the mitochondria and Grp78 in the endoplasmic reticulum [1, 2] . These proteins have diverse biological functions including an involvement in nascent protein folding, preventing denatured protein aggregation and modulating the assembly/disassembly of protein complexes [3] [4] [5] .
In non-tumor tissue and in the absence of stress, Hsc70 is generally ubiquitously and abundantly expressed whereas Hsp70 is only found at low levels. Following cellular stress (including the stress of oncogenesis), the expression levels of Hsp70 are increased via transcription factors HSF-1 and HIF-1 activation. In many cancers, this differential expression pattern is lost, with increased basal expression of Hsp70 documented in multiple tumor types [6] . Hsc70 and Hsp70 are members of the actin class of ATPases and exhibit high structural homology, especially within their ATPase domain [7, 8] . The Hsp70 family of chaperones exist in large multi-protein complexes with various co-chaperones including Bag-1, Hip, Hop, Hsp40, HspBP1 and Chip.
The precise role of Hsp70 in cancer remains unclear. However, these chaperones have been shown to contribute to cancer cell survival via multiple anti-apoptotic functions [6, 9] and increased expression of Hsp70 has been implicated in resistance to cytotoxic chemotherapeutics [10, 11] . Selective knockdown of Hsp70 by both RNAi and antisense results in cell arrest and death in a variety of cancer cell lines [12] [13] [14] [15] . Furthermore, localised tumor cell application of Hsp70 antisense expressing adenovirus reduced the growth of orthotopic glioblastoma and breast carcinoma, as well as sub-cutaneous colon cancer xenografts in mice [16] .
Hsp70 has been shown to demonstrate a key role in the Hsp90 chaperone machinery. The Hsp90 chaperone machinery maintains the correct conformation, stability and activity of a wide variety of oncogenic client proteins [17] . These clients include many well-known kinases such as Raf-1, Her2, CDK4 and AKT; sex hormone receptors; and other transcription factors. Inhibition of Hsp90 ATPase activity with either the benzoquinone ansamycin 17-AAG or other small molecule inhibitors results in the ubiquitindependent proteasomal degradation of these client proteins [18] . Through its ability to potentially modulate a whole variety of oncogenic processes, Hsp90 is an exciting anti-cancer target [19] . One of the hallmarks of Hsp90 inhibition, along with client protein degradation, is the subsequent up regulation of Hsp70. So universal is this response to Hsp90 inhibition that it is in use as a biomarker for many Hsp90 inhibitor clinical trials [20] .
Recent work has demonstrated that targeting both Hsc70 and Hsp70 with siRNA resulted in proteasome-dependent degradation of Hsp90 client proteins, G1 cell-cycle arrest, and extensive tumor-specific apoptosis. Dual depletion of Hsc70 and Hsp70 increased the amount of tumor cell apoptosis following pharmacological Hsp90 inhibition with 17-AAG [21] . Given the plethora of Hsp90 inhibitors in clinical development, and the relative difficulty in obtaining potent, 'drug-like' Hsp70 inhibitors, these siRNA studies suggest that the best use of a small molecule Hsc70/ Hsp70 inhibitor will be in combination with an Hsp90 inhibitor. Such a compound would be predicted to convert cytostatic cellular responses to Hsp90 inhibition into apoptotic cell death. We have therefore utilized a novel, small molecule inhibitor of Hsc70/Hsp70 to further validate this approach.
Materials and methods
Cell lines, cell culture and materials All cell lines, unless otherwise stated, were obtained from the American Type Culture Collection and grown in DMEM/10% FCS with GlutaMAX-I in a humidified atmosphere of 5% CO 2 in air. Cell proliferation was determined using the sulforhodamine B (SRB) assay. VER-155008 and VER-82160 were synthesized as previously described [22, 23] .
Hsc70, Hsp70, Grp78 and Hsp90 fluorescence polarisation (FP) assay
The activity of VER-155008 was determined against Hsp70 and Hsp90 as previously described [23] . Hsc70 (aa 5-381) and Grp78 (ATPase domain) were cloned and expressed as follows. A PCR fragment of Hsc70 corresponding to amino acids 5-381 was made. The purified PCR fragment was ligated into pCR2.1-TOPO. This was subsequently restriction digested and sub-cloned into the commercial histidine tagged vector pET101 for expression analysis. The ATPase domain of Grp78 was amplified by PCR and cloned into pCR2.1-TOPO. This was subsequently digested and ligated into the glutathione-s-transferase tagged expression vector pGEX-4T-1. The FP assay for Hsc70 and Grp78 was carried out as described for Hsp70 using the same N 6 -(6-amino)hexyl-ATP-5-FAM as the FP probe with the following modifications. For Hsc70, the protein and probe concentrations were 0.3 lM and 20 nM, respectively with a 30 min incubation at 22°C while for Grp78, the protein and probe concentrations were 2 lM and 10 nM, respectively with a 2 h incubation at 22°C. The K D for the FAM-ATP probe was 0.24 lM for Hsc70 and 2 lM for Grp78.
Determination of compound binding to Hsp70 by BiaCore
All experiments were performed on a Biacore T100 at 25°C with a flow rate of 30 lL/min. The buffer system was identical to that used in the Hsp70 fluorescence polarization assay, with 1% DMSO and 0.05% Tween 20. Double His-tagged Hsp70 was immobilised on the surface of a NTA sensor chip; approximately 2,000 RU of protein were immobilised. Compounds were injected for 90 s, and the K D s were determined from equilibrium binding at 80 s.
Hsp70 ATPase assay ATP turnover, and the subsequent generation of ADP, was measured using an ADP Hunter Plus assay kit (DiscoveRx). Reaction mixtures were prepared in half volume, all black non-binding plates (Corning) and contained 250 nM full length, GST-tagged Hsp70, 50 lM ATP and increasing concentrations of VER-155008 in the standard kit assay buffer. Reactions were incubated at 30°C for 90 min and then read on a FlexStation 3 (Molecular Devices) with an E x of 530 nm and E m of 590 nm with six reads per well. Reactions containing no enzyme were set up to monitor the spontaneous hydrolysis of ATP and subtracted from those containing Hsp70.
Refolding of heat denatured luciferase
This assay was carried out essentially as previously described [24, 25] . In brief, Hsc70/Hsp70 inhibitors were diluted in Rabbit Reticulocyte Lysate (RRL, nuclease treated, Promega) containing 10 mM Tris, 100 mM KCl, 3 mM EDTA, 1 mM DTT and an ATP regeneration system at pH 7.5. The final ATP concentration (supplied from the RRL) was 0.5 mM. Compounds were pre-incubated in the above mix at room temperature for 15 min before 25 ng of heat denatured luciferase (Sigma, denatured at 40°C for 30 min) was added to initiate the refolding reaction and incubated at 30°C for 60 min. Luciferase activity was determined using Bright-glo reagent (Promega).
X-ray crystallography
The crystal structure of VER-155008 in complex with Hsc70/Bag-1 was determined according to the method previously described [23] .
Client protein degradation analysis
Client protein degradation was determined by western blotting as previously described [26] . Her2 (ab8054, Abcam), Raf-1 (sc-133, Santa Cruz Biotechnology), and Hsp70 (SPA-810, StressGen) relative levels were determined using ECL (GE Bioscience). GAPDH (MAB374, Chemicon International) was used to show equal protein loading.
Determination of apoptosis
Activation of caspase-3/7 was measured using a homogenous caspase assay kit (G8091, Promega). Antibodies specific to the cleaved forms of either caspase-3 (Asp175, CST #9661) or -7 (Asp198, CST #9491) were used to determine the relative levels of caspase activation by western blotting.
Cell cycle analysis HCT116 cells were exposed to the indicated concentrations of VER-155008 and VER-82160 for 24 h. All cells were harvested and fixed in 70% ethanol on ice before being stained with RNaseA/propidium iodide. Data was collected on a FACSArray cytometer and analyzed with FACSDiva software (BD Bioscience).
In vivo studies Each timepoint contained three mice and blood samples were collected by cardiac puncture. Plasma was obtained by centrifugation and frozen at -20°C prior to analysis. Tumors were harvested, snap frozen and stored at -80°C.
Bioanalysis
Tumours were homogenised with water (39 dilution). All samples and standard lines were prepared by protein precipitation with acetonitrile containing internal standard, and centrifugation. Supernatant was evaporated to dryness and reconstituted prior to HPLC-MS/MS analysis. Samples were analyzed on a Agilent Zorbax C18 (2) column, 50 mm 9 2.1 mm, 5 lm particles at 40°C and a flow rate of 0.3 mL/min. The mobile phase consisted of 13 mM ammonium acetate in water containing 0.1% formic acid (A) and 13 mM ammonium acetate in methanol containing 0.1% formic acid (B). The initial mobile phase composition was 80% A/20% B over 0.3 min, changing to 5% A/95% B at 1.5 min (linear change), held at 5% A/95% B until 2.5 min and returned to initial conditions at 2.6 min and held to 5 min for the column to equilibrate. The Waters Alliance HPLC was coupled to a Waters Quattro Ultima triple quadrupole mass spectrometer operating in positive electrospray, full MS/MS mode. Calibration lines were generated using Waters QuanLynx software and pharmacokinetic parameters were generated using WinNonLin (Pharsight Corporation).
Results

VER-155008 is a potent inhibitor of the Hsp70 family of chaperones
The structures of VER-155008 and VER-82160 are illustrated in Table 1 . VER-82160 is a highly potent, orally bioavailable small molecule inhibitor of Hsp90 [22] . In a fluorescence polarization (FP) assay using N 6 -(6-amino)-hexyl-ATP-5-FAM as the FP probe, VER-155008 potently competed for the binding to Hsp70 with an IC 50 of 0.5 lM (Table 1 ). In addition to binding Hsp70, VER-155008 also bound, albeit at slightly reduced levels, to Hsc70 and the endoplasmic reticulum Hsp70 family member Grp78. They were, however, highly selective versus the Hsp90 chaperone exhibiting IC 50 s in excess of 200 lM against Hsp90b. Due to the Hsp70 protein concentration required to generate a large enough assay window, the FP assay is not sufficiently sensitive to discriminate compounds with sub 500 nM IC 50 s. To evaluate the true affinity of the adenosine inhibitors for Hsp70, we developed a surface plasmon resonance (SPR) direct binding assay. Double His-tagged Hsp70 was immobilised on a Biacore sensor chip and the K D of VER-155008 determined. This was found to be 0.3 lM. The ability of VER-155008 to inhibit the steady state activity of purified full-length Hsp70 in the absence of any co-chaperones was evaluated. VER-155008 inhibited the ATP turnover of Hsp70 by 24.5% at 30 lM and 48.7% at 100 lM (Fig. 1a) . This correlated closely with inhibition of refolding of heat denatured luciferase by rabbit reticulocyte lysate. At 50 and 100 lM, VER-155008 inhibited luciferase refolding 37.8 and 47.5%, respectively (Fig. 1b) The X-ray crystal structure of VER-155008 solved to 2.2 Å resolution overlaid with the crystal structure of ATP bound to Hsc70/Bag-1 is shown in Fig. 1c . The crystal form of Hsp70 obtained gave low resolution structures therefore Hsc70/Bag-1 was selected for crystallography as Hsc70 shows high sequence homology in the ATPase domain to Hsp70 and ATP adopts the same conformation and binding mode, with highly similar adenosine nucleotide-protein interactions. VER-155008 binds in the ATPase site of Hsc70/Bag-1 and the adenosine portion of VER-155008 adopts corresponding protein interactions as the adenosine portion of ATP. The additional potency of VER-155008 is likely through the displacement of a water group and the We have previously shown that following Hsp90 inhibition with NVP-AUY922 or 17-AAG, deferential caspase dependent apoptotic responses are observed [26, 27] . For example, the Her2 positive breast carcinoma BT474 undergoes massive caspase dependent apoptosis while the colon carcinoma cell line HCT116 does not. In fact, NVP-AUY922 is predominantly cytostatic in this cell line. Of the four cell lines tested, only BT474 cells underwent any caspase-3/7 dependent apoptosis following treatment for 24 h with 0.5 lM VER-82160. In this cell line, VER-82160 increased caspase-3/7 activity by 10.6-fold. In the other three cell lines, the increase in caspase-3/7 activity was 1.0-2.2-fold (Fig. 3a) . We therefore sought to evaluate the potential of VER-155008 to induce apoptosis in various carcinoma cell lines. The apoptotic potential of VER-155008 was again cell line dependent. BT474 was the most sensitive cell line to apoptosis induction by VER-155008; Fig. 1 VER-155008 the activity increased by 12-fold at 40 lM (Fig. 3b) . In contrast, the other three cell lines tested did not undergo apoptosis so readily. No caspase-3/7 dependent apoptosis was observed at concentrations of VER-155008 of 40 lM or less. VER-155008, however, was able to induce cell death independently of caspase-3/7 activation. Treatment of both HCT116 and HT29 cells with concentrations of 40 lM or greater VER-155008 resulted in reduction of colony forming ability (Fig. 3c) . Of the other three cell lines tested, the combination of VER-82160 and VER-155008 had no effect on caspase-3/7 activation in MDA-MB-468 or HT29 cells increasing caspase-3/7 levels 1.5 and 1.6-fold, respectively. In BT474, the combination of VER-82160 and VER-155008 appeared to activate caspase-3/7 levels above that expected for the two agents to be working additively (Fig. 4b ). However, the increased level of caspase activation by the combination was only small. These results were confirmed by western blotting. Treatment of HCT116 cells for 24 h with either 10 or 20 lM VER-155008 in the presence of 0.5 lM VER-82160 led to an increase in cleaved caspase-3 and -7 levels as judged by western blotting (Fig. 4c) . In the absence of VER-82160, no cleaved caspase-3 or -7 could be detected. Twenty-four hour exposure to the combination of 10 lM VER-155008 and 0.5 lM VER-82160 was necessary to see activation of caspase-3 and -7; no caspase cleavage was observed after only 6 h. We subsequently determined the viability of HCT116 cells following 48 h co-treatment of VER-155008 with VER-82160 or 17-AAG. VER-155008 had no effect on survival when administered as a single agent resulting in a 4 and 8% reduction in survival following treatment with 10 and 20 lM VER-155008, respectively (Fig. 4d) . Likewise, 0.5 lM VER-82160 or 17-AAG reduced survival by 21 and 15%, respectively. The combination of VER-82160 with VER-155008 or 17-AAG with VER-155008 dramatically reduced survival compared to any of the three agents alone. Exposure of HCT116 cells to 0.5 lM VER-82160 in combination with 10 or 20 lM VER-155008 resulted in a 55 and 80% reduction in survival while 0.5 lM 17-AAG in combination with the same concentrations of VER-155008 reduced survival even further by 70 and 91.5%.
The cell cycle response of HCT116 cells to VER-82160 and VER-155008 either administered singularly or in combination was evaluated. Treatment of HCT116 cells with 0.5 lM VER-82160 for 24 h resulted in predominantly G1 arrest (from 47.5% in untreated cells to 70.6%) with very little apoptosis as judged by the sub-G1 DNA content (5.0% of cells; Fig. 4e ). In comparison, exposure of HCT116 cells to VER-155008 resulted in G1 arrest at lower doses (20 lM, 61.1%) converting to G2/M arrest at higher concentrations (17.8% G2/M at 20 lM increasing to 28.8% at 40 lM). This increase in G2/M arrest also correlated with an increase in the fraction of cells with a sub-G1 DNA content (5.3% at 20 lM rising to 15.6% by 40 lM). The combination treatment of 0.5 lM VER-82160 with either 20 or 40 lM VER-155008 resulted in increased apoptosis (21.3 and 20.6% sub-G1, respectively). No major cell cycle phase arrest was apparent in the combination treated cells.
In vivo pharmacokinetics of VER-155008
The in vivo pharmacokinetics of VER-155008 was investigated in tumor and non-tumor bearing mice. VER-155008 has limited oral absorption and was therefore administered via the IV route. Following a single 25 mg/kg IV dose to naïve female BALB/c mice, VER-155008 displayed a moderate plasma clearance of 49 mL/min/kg which was reflected in a short half-life of 0.6 h (Fig. 5a ). VER-155008 was subsequently dosed at 40 mg/kg IV to HCT116 tumor bearing nude BALB/c mice and compound was shown to distribute to the tumor tissue, with a longer tumor half-life than the plasma (1.5 vs. 0.5 h, Fig. 5b ). In summary, VER-155008 exhibited rapid clearance and measured tumor levels were below the predicted pharmacologically active dose.
Discussion
In recent years, targeting Hsp90 has emerged as an exciting therapeutic intervention for a wide variety of human cancers. This is reflected in the large number of small molecules with distinct chemotypes targeting the ATP binding pocket in pre-clinical and clinical development [28] . Through its ability to control the activity and stability of many client proteins involved in the oncogenic process, targeting Hsp90 has the potential to affect all the hallmarks of cancer. It is well documented that the Hsp70 family of chaperones have an anti-apoptotic function and targeting the induction of Hsp70 following Hsp90 inhibition sensitized tumor cells to Hsp90 inhibition [29] [30] [31] .
The effect of targeting Hsp70 with RNAi or anti-sense has had conflicting results on cancer cell proliferation and survival. Several reports suggest that down regulating Hsp70 was sufficient to induce tumor specific death [12, 15, 16] while others suggest that either Hsc70 or Hsp70 is dispensable for tumor cell viability [21, 30] . Our own data, in which either Hsc70 or Hsp70 was depleted in a panel of ten solid cancer cell lines support the later observation (data not shown). Recent work by Powers and colleagues demonstrates that the dual targeting of Hsc70 and Hsp70 is necessary and sufficient to induce tumor-specific apoptosis in the cell models they tested. Silencing of Hsc70 and Hsp70 with siRNA induced proteasome-dependent degradation of Hsp90 client proteins, G1 cell cycle arrest and extensive tumor specific apoptosis as well as increased tumor cell apoptosis in response to Hsp90 inhibition by 17-AAG [21] .
Dual inhibition of Hsc70/Hsp70 with the small molecule inhibitor VER-155008 mimics the cellular phenotype observed when Hsc70/Hsp70 were dually silenced with siRNA. Targeting Hsc70/Hsp70 with VER-155008 resulted in depletion of the Hsp90 client proteins Her2 and Raf-1 in both BT474 and HCT116 carcinoma cell lines. This client protein degradation correlated closely with the ability of VER-155008 to inhibit the ATPase activity of Hsp70 and the refolding of heat denatured luciferase, both of which were around 100-fold higher than the affinity of VER-155008 measured by a simple binding assay. VER-155008 induced cell death that was both caspase-3/7 dependent and independent when administered as a single agent and the cell death response was cell line specific. As a single agent, VER-155008 induced caspase-3/7 dependent apoptosis in BT474 cells but not HCT116, MDA-MB-468 or HT29 cells. Identical cellular responses were observed with the Hsp90 inhibitors 17-AAG and VER-82160. The combination of an Hsp90 inhibitor (VER-82160 or 17-AAG) and our small molecule Hsc70/Hsp70 inhibitor (VER-155008) resulted in increased caspase-3/7 dependent apoptosis in HCT116 colon carcinoma cells but not HT29 or MDA-MB-468 when administered in combination compared to when administered as single agents. The concentration of VER-155008 require to induce cell death closely correlated with that required to induce client protein degradation suggesting that this is occurring via an Hsp70-dependent mechanism. Further work is required to define the cell death pathways utilized in response to Hsc70/Hsp70 inhibition both alone and in combination with an Hsp90 inhibitor, and the factors that determine how individual cells respond. This information could be useful in guiding clinical development and allow the stratification of patients based on their predicted response rather than the client proteins expressed.
Developing small molecule inhibitors of Hsp90 has proved relatively straight forward (as exemplified by the diverse nature of inhibitors in pre-clinical and clinical development). While many have suggested Hsp70 as an excellent target for therapeutic intervention in the treatment of cancer, no drug-like inhibitors have yet emerged [32] . Previously described inhibitors have centred on 15-deoxyspergulin [33, 34] , dihydropyrimidines [35, 36] and 3 0 -sulfogalactolipids [37, 38] . While these compounds have demonstrated effects on Hsc70/Hsp70 chaperone activity in vitro and possess modest anti-tumor cellular activity (GI 50 of 2.4-50 lM), no evidence exists for their cellular activity being via Hsc70/Hsp70 inhibition. In addition, these molecules are of high molecular weight and possess functionalities that break Lipinski's rules of 'drug-like' [39] .
Why has targeting Hsp90 proved so fruitful and Hsc70/ Hsp70 so difficult? We suggest the very nature of the ATP binding pocket is the reason why targeting this functionality of Hsc70/Hsp70 has proved particularly challenging so far. Hsc70/Hsp70 are members of the actin-like family of ATPases while Hsp90 belongs to the GHKL family [40] . This results in binding sites that are structurally very different. In Hsc70/Hsp70, the b and c phosphates of ATP (which correspond to a large fraction of the ATP binding affinity) are stabilized in a buried binding mode by more polar interactions with the protein, several of which are water mediated. This creates two difficulties for drug discovery: gaining potency via these polar interactions and retaining good cell penetrative properties. Gaining potency via polar interactions is difficult in general because these interactions are already formed with water in the unbound state. Therefore, it is frequently argued that little is gained per interaction in the bound state. Generating 'good' multiple polar interactions (via hydrogen-bonds) is equally difficult as they need to be directional and precise [41, 42] . Binding to Hsc70/Hsp70 via such interactions, whilst still trying to meet Lipinski [39] and Veber's [43] criteria of 'orally bioavailable drug-likeness', is extremely challenging. For example, in the case of VER-155008, trying to mimic these interactions has resulted in a compound with a high polar surface area (PSA, 164.4), the number of O?N atoms [10 (11) and a high molecular weight (555). In contrast to Hsc70/Hsp70, the ATP binding pocket of Hsp90 has a well balanced hydrophilic/hydrophobic character with ATP bound with the adenine portion buried towards the bottom of the pocket and the a, b, c-phosphates pointing out into solvent. This has allowed the discovery and development of much more drug-like molecules (e.g. VER-82160; PSA = 93.4, O?N = 7 and MW = 482). Finally, the affinity of Hsc70/Hsp70 for ATP may be an additional hurdle regarding its druggability. The affinity of Hsc70/Hsp70 for ATP is reported to be around 1 lM (though this varies according to the method used) while for Hsp90 the value is much higher at 200-400 lM. Achieving cell activity of under 100 nM, and therefore the possibility of in vivo activity, will require inhibitors with K D s of \1 nM and slow, tight binding kinetics. We suggest that, given the highly polar nature of the Hsc70/Hsp70 ATP binding site, this will prove extremely challenging, if not impossible. Our data and that of Powers et al. suggests that inhibiting Hsc70/Hsp70 as a single agent is likely to recapitulate the phenotype, specificity and activity of a Hsp90 inhibitor of which there are many in the clinic. However, the exciting and potentially useful clinical utility for Hsc70/ Hsp70 inhibitors could be in the ability to convert cytostatic responses to Hsp90 inhibitors into tumor cell death. Identifying the factors that predict whether the tumor response is likely to be cytotoxic or cytostatic is therefore of critical importance. Inhibiting the Hsc70/Hsp70 family of molecular chaperones still offers an exciting anti-cancer therapeutic strategy; however, alternative ways of disrupting the chaperone activity are needed. Specifically disrupting the protein:protein interactions between Hsc70/ Hsp70 and one of its co-chaperones with a designed small molecule may prove a more amenable area of cancer drug discovery.
